There is growing interest in re-evaluation of older antibiotics with the wide spread of pathogen resistance, especially gram negative bacteria, which impair treatment of some infections. In contrast various studies have reported that some antibiotics have efficacy in clearing resistant bacterial infections. On account of that it was interesting to evaluate the efficacy of erythromycin, chloramphenicol and/or tenoxicam in curing and/or relieving wound infection of highly resistant Escherichia coli and investigate the possible mechanisms beyond their antibacterial activity. This was achieved through evaluating highly resistant E. coli strains in vitro using agar dilution and in vivo rat models of E. coli infected wound and acute inflammation by carrageenin, where possible mechanisms were evaluated through measuring immunological mediators and histopathological examination. This study revealed that in vivo, erythromycin alone or in combination with tenoxicam significantly improved the healing of infected skin wounds with E. coli irresspective of resistancy in vitro. In addition to the improvement of immunological mediators involved in inflammatory reaction, oxidative stress and in cytokines expression as response to the bacterial infection in vivo. On the other hand chloramphenicol neither alone nor in combination with tenoxicam, achieved any significant effect. Tenoxicam didn't show antimicrobial activity alone nor in combination with tested antibiotics in vitro, but it has shown synergestic activity in combination with tested antibiotics in vivo. Thus we concluded that immunomodulatory activity of erythromycin through anti-inflammatory and antioxidant effects was the possible mechanisms by which this antibiotic had healed infection with resistant E. coli in vivo, despite its resistancy to this antibiotic in vitro.
Introduction
Resistance to antibiotics has increased dramatically over the past few years and has now reached a level that places future patients in real danger [1] . Such increasing antimicrobial drug resistance of bacterial pathogens, together with the relative shortage of new antimicrobial agents, calls for a new look at the therapeutic options [2] [3] .
In contrast various studies have reported that some antibiotics have curing activity of infections caused by resistant bacteria although absence of suscebetibility to those antibiotics, due to other mechanisms beyond their antimicrobial activity, such as reported by Tsai et al. (2009) and Imperi et al. (2014) [4] [5] .
On accont of that several investigators have suggessted re-evaluation of old antibiotics through further understanding and investigation of their mechanism(s) of action(s) [6] - [8] . It is worth reminding the clinician that it is necessary to be far more selective, when an antibiotic is prescribed, it should be the one with the narrower spectrum of activity [9] . Accordingly, evaluation of the efficacy of antibacterial agents requires criteria other than those defined in vitro, such as minimum inhibitory concentrations (MICs) or minimum bactericidal concentration (MBCs). In the last years, we have seen a renewal of interest in another approach to the successful resolution of infection: the achievement of synergestic interaction between therapeutic agents and the host defense system [10] [11] .
With a growing number of supportive experimental and clinical studies, the relevance of the immunomodulatory actions of some antibiotics for their therapeutic efficacy in various diseases is now generally admitted [11] . This is coincided with the fact that the immune system response to a microorganism may be beneficial in infection, and has the potential to be more devastating than direct damage caused by a microbe, but facilitated resolution of the response is needed to limit tissue damage [12] [13] . So that the potential benefits of down regulating immunomodulators entered the limelight, with the understanding that immune hyper-activation for example in sepsis, can have disastrous consequences [11] .
Despite advances in operative techniques and a better understanding of the pathogenesis of wound infection and wound healing, post operative wound infection continues to be a major source of morbidity and mortality for patients undergoing operative procedures [14] . Concurrently the major concern for clinicians in the treatment of infectious disease is the bacterial biofilm because of the resistance to a wide range of antibiotics [15] [16] . Therefore, a better understanding of bacterial biofilms is needed to develop novel therapeutics for the prevention and treatment of wound infections [17] [18] . Also adjustment of the given dose of antibiotics is critical in removal of biofilm [19] .
An animal model of wound colonization generated in a manner similar to the wound infection model would be useful to study the pathophysiology of wound infections and monitor the effect of therapeutic agents in vivo [20] .
Escherichia coli multiple-antibiotic-resistance (MAR) mutants are resistant to a wide variety of antibiotics [21] . E. coli is one of the most causative microorganisms in post operative wound infections [14] [22] .
This study aimed to evaluate efficacy of erythromycin and chloramphenicol alone and in combination with tenoxicam and investigate the possible mechanisms of these antibiotics beyond their antimicrobial activity in curing resistant E. coli infected wound using in vivo rat models. 1 / 8 MIC of the tested antibiotics, on MAR E. coli strain. This was performed using agar dilution method according to the procedure described by CLSI (2010) and Cursino et al. (2005) [26] [27]. The fractional inhibitory concentration (FIC) was used to interpret the results of agar dilution method and calculated according to Makay et al. (2000) and Odds (2003) [29] [30] as follows:
MIC of antibiotic A in combination with tenoxicam FIC of antibiotic A MIC of antibiotic A alone = The interaction was recorded as synergism (S) when FIC < 0.5, indifference (I) when FIC > 0.5 to 4, and antagonism (A) when FIC > 4.
Studying the Efficacy of Tested Antibiotics, Tenoxicam and Their Combinations on Healing of
Resistant Bacterial Infected Wound in Animal Model This was achieved as described by Lau et al. (2009) [31] .
A total of 56 adult male rats (about 150 gm/each) were used in this model, they were divided into 1 naiive; 1 infected control and 5 treatment groups, each group was composed of eight rats. One rat of each of the 7 groups was sacrificed on day 3 of the experiment for the histopathological studies to confirm the formation of the bacterial biofilm within the wound bed.
-Formation of wound in rat hind paw: On the day of wound induction (defined as day 0) each rat was anesthetized with an intraperitoneal injection (I.P) of 50 mg/kg thiopental sodium [18] . A rectangular pattern was marked on the dorsal surface of the foot using a flexible transparent plastic template, and then a layer of skin in full thickness with standard area of 2 mm × 5 mm was removed, Figure 1 . The initial wound size was measured on day 1 [31] .
-Bacterial inoculum and induction of wound infection: The bacterial inoculation was carried out one day after the wounding development to reduce mortality due to bacteremia in the bleeding phase [20] .
Overnight culture of highly resistant E.coli strain was used to inoculate the wound in rat hind paw. After bacterial inoculation, wounds were left for 48 hrs to allow biofilm formation [32] . -Antimicrobial therapy and dosage regimen: All tested antimicrobial agents and tenoxicam, each alone and in combinations were administered I.P except erythromycin was administered orally by gavage.
The 5 treated animal groups in addition to the two: naiive and infected control groups were handled as follows:
I-Naïve group: It consists of normal rats not receiving any treatment. II-Infected control group: Included animals infected with selected MAR E .coli strain and left 9 days post infection without treatment.
III-Tenoxicam treated group: This group of rats were treated with tenoxicam (standard NSAID), in a dose of (20 mg/kg) [33] .
IV-Erythromycin treated group: animals treated with erythromycin (800 mg/kg) [34] . V-Erythromycin/tenoxicam combination group: animals treated with erythromycin (400 mg/kg)/tenoxicam (10 mg/kg) combination.
VI-Chloramphenicol group: animals were treated with chloramphenicol (300 mg/kg) [35] . VII-Chloramphenicol/tenoxicam combination group: animals were treated with chloramphenicol (150 mg/ kg)/tenoxicam (10 mg/kg) combination.
The antibiotics were given to the treated groups in equally divided doses at 6-hour intervals and the tenoxicam was given once daily for 9 days.
Evaluation of wound healing: Observations of wound surface provided information on the gross extent of wound healing and improved wound healing by facilitating tissue regeneration [31] . In this study we selected the one-point sampling method because of the relatively small size of wounds that can be induced in rats and to better avoid contamination with peri-wound flora [18] .
Digital photographs for the wound were taken on days 1, 3, 6 and 11. Wound area measurement was made by using the digital photographs of the wounds. Perior to picture taking, the rat hind paw was gently pinched manually, so that the wound site was positioned at the intersection of the vertical and horizontal grid lines on the graphic paper on to which vertical and horizontal rulers had been fixed [36] , which allowed us to enlarge the photograph in order to increase the accuracy of wound area measurement and the photographs were processed by using Microsoft Word where the wound area was traced and measured on the scale present in the same photograph [18] .
Assessment of Possible Mechanisms of Tested Antibiotics beyond Their Antimicrobial
Activity Using Acute Inflammatory Animal Model This was done through induction of acute inflammation in rats to evaluate anti-inflammatory and anti-oxidant activity of tested antimicrobials beyond their antibacterial activity, using recommended doses of tested antibiotics in the model of carrageenan induced hind paw oedema in rats.
Carrageenan-induced paw inflammation rat model was used for inflammation study and evaluation of antiinflammatory activity [31] [37] . Carrageenan is sulfated polysaccharide derived from marine algae [38] . It is commonly used to produce short-lasting acute inflammation in animal models [39] . This model was performed according to method adopted by Winter et al. (1962) and Fath et al. (1984) [40] [41] .
Animal groups of carrageenin acute inflammatory model: A total of 80 rats (about 150 gm/each), were used in this model. Antibiotics were administered I.P prior to carrageenin injection, except erythromycin was administered O.P. Rats were allocated into the following groups:
i-Naïve group: Including normal animals without any treatment but were injected with (0.1 ml) of saline only into the subplantar region of the right hind paw of rats and serve as control group.
ii-Carrageenan control group: Rats were slightly anesthetized with ether and 0.1 ml of 1.5% (carrageenan sodium solution in 0.9% saline) was injected S.C into the subplantar region of the right hind paw of rats. Thus oedema will be produced acutely into the right hind paw of the rat, and the left hind paw (used as self control), was injected with similar volume (0.1 ml) of saline only. Those rats did not receive any treatment.
iii-Tenoxicam treated group: Tenoxicam (20 mg/kg,) I.P [33] , was taken 30 minutes before carrageenan injection [42] .
iv-Vitamin C treated group: Vitamin C has antioxidant and anti-infalmmatory activities. It was taken I.P in a dose of 500 mg/kg [43] - [45] . It was used for comparison.
v-Erythromycin treated groups: It is divided into three subgroups according to erythromycin concentrations (200, 400, 800 mg/kg respectively) O.P.
vi-Chloramphenicol treated groups: It is divided into three subgroups according to chloramphenicol concentrations (75, 150 , 300 mg/kg respectively) I.P.
Assessment of Immunological Mediators
In both animal models (E. coli infected wound and acute inflammation by carrageenin), the immunological mediators that resulted due to response to the bacterial infection and acute inflammation were assessed, such as TNF-α, IL-1β in rat serum using ELISA kits), NO, GSH and MDA (in rat hind paw tissue according to standard methods directed by Miranda et al. (2001) ; Ellman (1959) and Yoshioka et al. (1979) respectively [46] - [48] .
Histopathological Examination
Histopathological Examination of rat hind paw sections through sectioning and staining with Hematoxylin and Eosin (H & E) was achieved using standard methods adopted by Bancroft & Stevens (1975) [49] .
In bacterial infected wound animal model, biopsy specimens were obtained 48 hours after inoculation and colonization to ensure the biofilm formation, and at the end of the treatment of each group in addition to naiive and infected control group for examination with light microscope. Specimens were placed in buffered 10% formaldehyde for fixation and stained with H & E and Gram crystal violet [18] [32] [50] .
In Carrageenin hind paw oedema animal model, all treatment groups in addition to naiive and carrageenin control group in carrageenin model, the rat hind paw was removed, washed with saline, immediately fixed in 10% buffered formalin solution (pH 7.4) for 24 hrs and then routinely processed in ascending grades of alcohol, then xylene. The tissues were then embedded in paraffin wax, serially-sectioned to (3 -5 mm) thickness, and stained with H & E.
Finally, each stained tissue section was examined using a light microscope (Olympus BX 51, Olympus America, Melville, NY) and photographed with a digital camera (Olympus DP11) connected to the microscope.
Statistical Analysis
Minitab computer software (version 16) was used to carry out the statistical analysis. Results were expressed as the mean ± SE of mean and analysed using Student t-test. Comparisons between different groups were carried out by one way analysis of variance (ANOVA). The level of significance was considered as non-significant difference if p ≥ 0.05, on the other hand, if p < 0.05, this indicates a significant difference.
Results

Screening of Resistant Strains
Tested E. coli isolates expressed high level of resistance to the studied antibiotics, their MICs values were (50%)
36
64 μg/ml; (25%) 256 μg/ml and (25%) 512 μg/ml for erythromycin but (90%) 1024 μg/ml and 10% > 1024 (μg/ml) for chloramphenicol.
The assessment of antimicrobial activity of tenoxicam revealed that tenoxicam didn't have antimicrobial activity against any tested isolates nor the reference strain.
Thus from these in vitro experiments, it was noted worthy that combinations of tested antibiotics with tenoxicam, were indifferent (FIC = 1) from using those antibiotics agents alone against MAR E. coli isolates.
The Efficacy of Tested Antibiotics, Tenoxicam and Their Combinations on Healing of Resistant Bacterial Infected Wound in Animal Model
The wound healing effects of erythromycin, chloramphenicol and/or tenoxicam of rat hind paw infected with resistant E. coli strain, are shown in the following Figure 2 (i) and Figure 2 (ii), of the wound area photos were taken on days 1, 3, 6 and 11. It was obvious that in erythromycin alone and in combination with tenoxicam or tenoxicam treated groups, there were greater reduction in the ulcer area than was observed in those groups treated with chloramphenicol and untreated infected control group. The average ulcer area in the untreated infected control group, chloramphenicol alone and with tenoxicam combination groups, decreased from 14 mm 2 on day 1 to 6 mm 2 on day 9. On the other hand the average ulcer area in treatment groups of erythromycin and/or tenoxicam decreased from 12 mm 2 on day 1 to 0 mm 2 (complete healing) on day 7. Here it was noticed that only 7 days were required for complete healing of wound infection in erythromycin treated groups both alone or in combination with tenoxicam. While longer time was required in groups of infected control (without treatment), treatment with chloramphenicol alone and in combination with tenoxicam. 
The Effect of Tested Antibiotics and/or Tenoxicam on the Inflammation of Rat Hind Paw Infected with MAR E. coli Strain
Obtained data revealed that rats in infected control group, showed a significant (p < 0.001) increase (252.1%) in weight of rat hind paw compared to naïve group, while treated rats with erythromycin and erythromycin/tenoxicam combination resulted in a significant (p < 0.001) reduction (58.2% and 58.9% respectively) in hind paw weight as compared to the infected control group. Treatment of rats with tenoxicam resulted in a significant (p < 0.001) reduction (43.7%) in hind paw weight as compared to the infected control but treatment of rats with chloramphenicol and chloramphenicol/tenoxicam combination resulted in an insignificant reduction (10.8% and 15.5% respectively) in hind paw weight as compared to the infected control (Figure 3 ).
The effect of Tested Antibiotics and/or Tenoxicam on Cytokines Content in Serum of rats Infected with MAR E. coli Strain
Studied cytokines showed that IL-1β content in rat serum significantly (p < 0.001) increased (1603.4%) in infected control group as compared to naïve group; treatment of rats with erythromycin and erythromycin/tenoxicam combination resulted in a significant (p < 0.001) reduction (95.06% and 95.2% respectively) in IL-1β content in rat serum as compared to the infected control group. while treatment of rats with tenoxicam alone resulted in a significant (p > 0.001) reduction (50.3%) in IL-1β content in rat serum as compared to the infected control group. Treatment of rats with chloramphenicol and chloramphenicol/tenoxicam combination resulted in an insignificant (p > 0.05) reduction (15.6% and 23.8% respectively) in IL-1β content in rat serum as compared to the infected control group, Figure 4 (a). TNF-α content in serum of rats of infected control group showed a significant(p < 0.001) increase (1174.8%) as compared to naïve group. treatment of rats with erythromycin and erythromycin/tenoxicam combination resulted in a significant (p < 0.001) reduction (93.9% and 89.7% respectively) in TNF-α content in rat serum as compared to the infected control. On the other hand treatment of rats with chloramphenicol and chloramphenicol/tenoxicam combination resulted in an insignificant (p > 0.05) reduction (16.03% and 31.7% respectively) in TNF-α content in rat serum as compared to the infected control. Also treatment of rats with tenoxicam resulted in a significant (p < 0.05) reduction (40%) in TNF-α content in rat serum as compared to the infected control, Figure 4 (b). 
The Effect of Tested Antibiotics and/or Tenoxicam on Other Immunological
Mediators in Rats Infected with MAR E.coli Strain NO content of rat hind paw significantly increased in infected control group rats by (412.2%) as compared to naïve group, but erythromycin and erythromycin/tenoxicam combination treated groups have shown a significant (p < 0.001) reduction (75% and 76% respectively) in hind paw NO content as compared to the infected control; while chloramphenicol and chloramphenicol/tenoxicam combination treated groups have shown an insignificant (p > 0.05) reduction (13.6% and 20% respectively) in hind paw NO content as compared to the infected control; also tenoxicam treaed rats resulted in a significant (p < 0.01) reduction (48.8%) in hind paw NO content as compared to the infected control Figure 5(a) . GSH content of rat hind paw in infected control group showed a significant (p < 0.001) decrease (92.8%) as compared to naïve group. Treatment of rats with erythromycin and erythromycin/tenoxicam combination resulted in a significant (p < 0.001, p < 0.01 respectively) increase (388.1% and 402.2% respectively) in hind paw GSH content as compared to the infected control group; while treatment of rats with chloramphenicol resulted in an insignificant (p > 0.05) increase (51.7) but chloramphenicol/tenoxicam combination significantly (p < 0.05) increase (63.8%) in hind paw GSH content as compared to the infected control group on the other hand treatment of rats with tenoxicam resulted in a significant (p < 0.001) increase (394.4%) in hind paw GSH content as compared to the infected control group, Figure 5(b) .
MDA content of rat hind paw in infected control group showed a significant (p< 0.001) increase (527.9%) as compared to naïve group. Treatment of rats with erythromycin and erythromycin/tenoxicam combination resulted in a significant (p < 0.001) reduction (79.1% and 80.4% respectively) in hind paw MDA content as com- 
Acute Inflammatory Model (Carrageenin Induced Hind Paw Oedema in Rats)
This model was performed to illustrate the possible mechanisms beyond the antimicrobial activity of tested antibiotics, by which they healed infected wounds despite resistancy of E. coli strain used in infection, through assessing the anti-inflammatory and anti-oxidant activities of different doses for those antibiotics. Tenoxicam and vitamin C were used as standard anti-inflammatory and antioxidant respectively for comparison. The results of tested immunological parameters in this model were shown in Table 1 .
Histopathological Studies
These studies were performed to confirm effects of tested antibiotics on immunological markers of both in vivo models, which revealed that all animals of naiive group showed normal cutaneous structure regarding epidermis and dermal connective tissue structures, normal skin appendages (sweat glands) Figure 6(a) .
Infected animal model: After 48 hours of wound infection with E. coli before treatment (to allow formation of bacterial biofilm on wound of rat hind paw), there were signs of acute inflammation manifested as severe oedema, prominent capillary diltation and prevascular inflammatory cellular infiltration associated with severe dense interstitial acute inflammatory cellular infiltration down in deep dermis Figure 6(b) .
Infected group without treatment showed mild relief of acute signs (decrease in oedema and density of acute inflammatory infiltration with early fibrosis) Figure 6(c) .
Tenoxicam treated group showed decrease of inflammatory reaction signs Figure 6 
(d).
Erythromycin and erythromycin/tenoxicam combination treated groups showed healing with dermal fibrosis Figure 6 (e).
Chloramphenicol treated group showed mild inflammatory infiltration and mild oedema Figure 6 (f) but chloramphenicol/tenoxicam Combination treated group showed healing with dermal fibrosis. Figure 6(g) .
Carrageenin acute inflammatory (noninfected) animal model: Carrageenin control group, all studied animals showed severe dermal dense acute inflammatory cellular infiltration (dilated, engorged capillaries with prominent endothelial swelling with oedema) Figure 6(h) .
In both of tenoxicam and vitamin C groups (used for comparison as standard (NSAID) and standard antioxidant respectively), all studied animals showed apparently normal sections as naïve group with early inflammatory changes manifested as mild oedema with dilated, congested capillaries and normal covering epidermis Figure 6(i) .
In Erythromycin treated groups, all animals showed healing with dermal fibrosis Figure 6 (e).
Chloramphenicol treated groups, all animals showed epidermal thickening (akanthosis, parakeratosis, hyperkeratosis), oedema and fibrosis in the dermis with mild to moderate inflammatory infiltration Figure 6 (j). 
Discussion
Antibiotics represent the bulwark to combat bacterial infections, but the spread of antibiotic resistance compromises their clinical efficacy [5] . Increasing multidrug resistance in Gram-negative bacteria, presents a critical problem with increasing threat to human health. Limited therapeutic options have forced infectious disease clinicians and microbiologists to reappraise the clinical application of old antibiotics. Recent clinical findings focus on evaluation of efficacy, potential toxicities and combination therapy [51] [52] . The focus was directed to the clinical aspects such as the efficiency of antibiotics in clearing infections and pathogens that are resistant to antibiotic treatment [53] .
On account of that, it was very interesting to investigate the possible mechanisms beyond the antibacterial activity of some antibiotics that contribute to curing resistant bacterial infection.
The present study focused on assessment of the efficacy of erythromycin and chloramphenicol (narrow spectrum and old antibiotics) in healing E. coli infected wounds. As the shortage in discovering new antibiotics concurrently with wide spread of resistant bacterial infections, paid attention to re-evaluation of old antibiotics using highest safest dose of them or using them in combination with other drugs.
Almost all infectious diseases have a substantial inflammatory component and if left unchecked, the host's proinflammatory responses may cause more harm than a pathogen would. In this regard, the anti-inflammatory activities of macrolides may help to alleviate the overly aggressive inflammatory responses and prevent the resulting excessive tissue damage [54] . Accordingly this work included in vitro and in vivo studies.
In vitro study includes screening of resistancy of E. coli to tested antibiotics, where it was confirmed that all of these bacterial strains were resistant to tested antibiotics either alone or in combination with tenoxicam, as standard NSAID. The addition of tenoxicam to those antibiotics, has indifferent effect on the MICs of those antibiotics on the examined bacterial strains. The present data found that tenoxicam alone lacked antimicrobial activity against those tested isolates.
Tenoxicam has protective effects on the oxidative stress by inhibiting free radical and supporting antioxidant redox system. It decreased the chemotaxis in human monocytes and polymorphonuclear cells [33] [55] . Therefore tenoxicam can be used as control for assessment of anti-infalmmatory efficacy of tested drugs.
In vivo study has included wound infection in rat hind paw animal model, using selected one of highly MAR strains of E. coli, which revealed that erythromycin was effective in treatment of those wounds despite of resistancy in vitro but chloramphenicol was not effective.
Gram-negative organisms such as E. coli are intrinsically resistant to macrolide antibiotics [56] , some strains of E. coli, show spontaneous emergence of resistance to chloramphenicol [57] [58] . E. coli was used as a model system to explore the genetic basis of intrinsic multidrug resistance which is a major cause of clinical failure in treating bacterial infections. Increasing evidence suggests that bacteria can resist multiple antibiotics through intrinsic mechanisms [59] .
Bacterial LPS, the cell wall component of all gram-negative bacteria including E. coli, causes the systemic inflammatory response syndrome and septic shock, which finally results in multiorgan failure in humans and animal models. LPS triggers the synthesis and release of cytokines, NO, and ROS [60] [61] . Thus inhibition of unresolved inflammation, either by antibiotics or specifically anti-inflammatory agents is needed to relieve patients with chronic inflammatory disorders [13] .
Investigation in the present study of cytokines expression; inflammatory reaction and oxidative stress were considered as possible pathways. It has been revealed significant down regulation of hind paw inflammation, some immunological mediators (Il-1β, TNF-α, NO, MDA) and increased GSH by erythromycin but chloramphnicol treated rats couldn't be completely healed or had any significant effects on the investigated immunological mediators.
On account of that, it was necessary to confirm obtained results from bacterial infected model by using carrageenan-induced acute inflammation in rats model, that was achieved examining the effects of different concentrations of tested antibiotics on the investigated immunological mediators.
Where carrageenan induced inflammation (paw oedema) animal model was adopted for the quantification of the state of inflammation. It was a useful model to assess the contribution of mediators involved in vascular changes associated with acute inflammation and produce this inflammatory response [62] - [64] .
Hind paw inflammation in this study was evaluated in both E.coli infected rat model and carrageenan-induced paw oedema rat model, the inflammation was significantly reduced by erythromycin but not chloramphenicol.
Cytokines are key modulators of inflammation. They participate in acute and chronic inflammation in a complex network of interactions. Several cytokines exhibit some redundancy in function and share overlapping properties. Better understanding of the pathways regulated by cytokines will allow the identification and/or development of agents for improved modulation of the inflammatory response for the treatment of autoimmune, infectious, and neoplastic diseases [65] .
Il-1β is a potent proinflammatory cytokine that has been implicated in numerous physiological processes as well as inflammatory diseases and appears to have deleterious effects on the host [66] [67] .
IL-1β in E. coli infected animal model of the present study significantly decreased by erythromycin by approximately ninety percent. Similarly, when using combination of erythromycin and tenoxicam, it revealed synergestic effect in vivo irrespective of its indifferent effect in vitro. On the other hand chloramphenicol either alone or in combination with tenoxicam showed insignificant reduction of IL-1β around twenty percent.
IL-1β in carrageenin acute inflammatory model was significantly decreased by erythromycin in a dose dependent manner while chloramphenicol did not significantly decrease it.
Those effects of examined antibiotics on IL-1β were coincided with previous reports where, it was demonstrated that an absence or reduction in endogenous IL-1β activity improves host defense against Pseudomonas pneumonia while suppressing the inflammatory response [67] . Apparently, sustained levels of IL-1β enhanced susceptibility to persistent Staphylococcus epidermidis infection in tissues surrounding implanted biomaterial (catheter) in mice [68] . It was suggested the importance of the host response to various biomaterials in the pathogenesis of biomaterial associated infection (BAI), rather than for the extent of adherence of bacteria to biomaterial. Therefore Local inhibition of IL-1β activity may be of benefit to the host as an adjunctive therapy for infections associated with biomaterials [69] .
Apart from direct antimicrobial effects, macrolides are known for their modulating effect on many components of the human immune system. By influencing the production of cytokines, they have a dampening effect on the proinflammatory response. Having such an obvious effect on the various aspects of the immune system, macrolides seem to be exceptionally suited for the treatment of chronic inflammatory diseases [51] [70] .
Erythromycin mechanisms underlying the therapeutic efficacy in DPB were found to be without affecting the number of viable bacteria recovered from the infected lung, it resulted in a significant reduction of IL-1β in an experimental rabbit model of DPB induced by Ps. aeruginosa inoculation [71] . It was suggested that long-term, low-dose administration of macrolide antibiotics is associated with tissue reparative and anti-inflammatory effects that are beyond their anti-infective properties, in patients with chronic inflammatory sinopulmonary diseases such as chronic sinusitis, asthma, bronchiectasis, cystic fibrosis, and diffuse panbronchiolitis, who do not show evidence of a bacterial infection. Importantly, the prolonged use of these drugs is not associated with emergence of clinically significant bacterial resistance or immunosuppression [72] [73] .
TNF-α is a cytokine that plays a critical role in both acute and chronic inflammation [74] . Mice deficient for the type 1 TNF receptor demonstrated an enhanced early clearance of P. aeruginosa from the lungs during subacute pneumonia [75] . TNF-α in E.coli infected animal model of the present study significantly decreased by erythromycin alone and in combination with tenoxicam by approximately ninety percent, which revealed synergestic effect in vivo irrespective indifference in vitro. But chloramphenicol either alone or in combination with tenoxicam showed insignificant reduction of TNF-α.
TNF-α in carrageenin acute inflammatory model significantly decreased by erythromycin in a dose dependent manner while chloramphenicol not significantly decreased it.
Carrageenan-induced acute inflammation in rats causes increase the proinflammatory cytokine TNF-α, that are activated in certain inflammatory conditions [76] - [78] .
Tenoxicam exhibited a pronounced inhibitory effect upon the production of TNF-α in vitro [79] . Erythromycin caused a dose-dependent decrease in the production of pro-inflammatory cytokines e.g TNF-α, that may, at least in part, explain the efficacy of this macrolide during panbronchiolitis and DPB despite its lack of activity for P. aeruginosa [71] [80] , which is in line with the effect of this antibiotic on TNF-α production induced by Streptococcus pneumoniae [81] [82] . Consquently local modulation of the cytokine network may serve as an important addition to antibiotic therapy [80] .
NO is another key mediator produced in many inflammatory and infectious conditions by inducible NO synthase (iNOS). In mammals including humans, NO is an important cellular signaling molecule involved in many physiological and pathological processes [83] , NO has dual activity on oxidative cell killing with low concentrations protecting against cell death, whereas higher concentrations are cytotoxic [84] . It is potent inflammatory mediator because of its strong reactivity with oxygen, superoxide and iron-containing compounds. IL-1β and TNF-α are involved in the formation of toxic peroxynitrite by increasing the activity of NOS enzyme [85] [86] .
NO in infected animal model of the present study significantly decreased by erythromycin alone and with tenoxicam by approximately seventy percent. This represented synergestic effect in vivo despite of its abscence in vitro. On the other hand chloramphenicol either alone or in combination with tenoxicam showed insignificant reduction of NO.
NO in carrageenan-induced acute inflammatiory model was modulated to reach its normal levels as naïve in a dose dependent manner by cefradine, erythromycin and ampicillin in a dose dependent manner while chloramphenicol not significantly reduced it.
NO appears to be involved in the acute inflammatory response following the intraplantar injection of carrageenan into the rat hind paw [87] . So that one of the anti-inflammatory activities is through inhibition of NO production [88] .
Macrolide antibiotics have anti-inflammatory activity that plays a prominent role in some infections [54] [89] [90] . Macrolides appear to inhibit NO production by blocking NOS expression in rats. As a high level of NO has been associated with inflammation, NO inhibition may be one of multiple anti-inflammatory mechanisms of macrolides [91] [92] . Also tenoxicam-treated patients had a significant decrease in nitrite levels [93] . But chloramphenicol increases nitrite production in neutrophils incubated with a corresponding increase in antibiotic concentration [94] . Thus inhibition of NO production paid attention to the anti-inflammatory activity of erythromycin.
ROS can serve as both intra-and inter-cellular messengers, they have a role in cell signaling, including; apoptosis; gene expression; and the activation of cell signaling cascades [95] [96] . The regulation of ROS production is particularly important in neutrophils, because these cells perform an important function in host defence against bacterial infections by producing ROS and nitrogen species, hydrolytic and proteolytic enzymes, and antimicrobial polypeptides [97] . Deregulation of nitric oxide and increased oxidative and nitrosative stress are implicated in tissue damage [98] . The body on account of susceptibility to oxidative insult, is naturally provided with an efficient antioxidant defense enzymes as scavenging systems including superoxide dismutase (SOD), catalase and glutathione peroxidase and reduced glutathione (GSH). These enzymes are the first line of defense against ROS and are generally referred to as primary antioxidants [99] . Oxidative stress, occurs when ROS overwhelm cellular antioxidant systems, contributes to the pathophysiology of many chronic inflammatory diseases and can alter cellular processes, including signaling pathways, metabolic pathways, transcription, and translation [100] [101] .
GSH is considered to be one of the most important scavengers of ROS [102] . It is the most significant non enzymatic oxidant defense mechanism, it plays an important role in the protection of cells and tissue structures. It exists in relatively large amounts. Its role includes detoxication of free radicals, peroxides, regulation of immune function and regenerate a number of important antioxidants (e.g. α-tocopherol and ascorbic acid) [86] [103] [104] .
GSH in the E. coli infected animal model of the present study significantly increased by erythromycin by approximately three hundreds eighty percent. Similarly, when using combination between this antibiotic and tenoxicam which revealed synergestic activity in vivo irrespective of its indifference in vitro. On the other hand chloramphenicol either alone or in combination with tenoxicam showed insignificant increase of GSH. Similarly GSH in carrageenan-induced acute inflammatiory model was elevated to reach its normal levels as naïve in a dose dependent manner by erythromycin while chloramphenicol not significantly increase it, by using vitamin C as standard antioxidant for assessment of antioxidant activity of tested drugs, where vitamin C may prevent dysregulation of the immune-inflammatory response by its antioxidant properties [105] .
Erythromycin exhibits antioxidant properties and can increase the synthesis of GSH [106] - [108] . Chloramphenicol has been demonstrated to affect the oxidative state of cellular components by increasing the intracellular ROS, while the glutathione level decreased in neutrophils [94] [109] .
MDA is the end product of LPO that result from ROS attack to polyunsaturated fatty acids in the membrane lipids. Thus assessment of MDA is one of the most commonly applied methods and a sensitive index of lipid peroxidation and oxidative stress [99] - [110] .
MDA in the E. coli infected animal model of the present study significantly decreased by erythromycin alone/ and with tenoxicam showing synergestic effect in vivo. on the other hand chloramphenicol either alone or in combination with tenoxicam showed insignificant decrease of MDA. Similarly in carrageenan-induced acute in-flammatiory model, MDA was reduced to reach its normal levels as naïve in a dose dependent manner by erythromycin while chloramphenicol did not significantly reduce it.
Erythromycin inhibits inflammation via downregulation of pro-inflammatory cytokines, chemokines and oxidant production [111] - [114] . Tenoxicam may have antioxidant effects where treated patients had a significant decrease in MDA levels [93] . Carrageenan-induced paw oedema is neutrophil dependent [115] . Where activated neutrophils, are an excellent source of oxygen-derived free radicals which have been implicated in many models of acute inflammation in which there is a neutrophil-dependent increase in vascular permeability [116] . It was reported that the removal of oxygen-derived free radicals significantly inhibited the paw oedema [63] [115] .
Thus Antibiotics interference with the host's immune cells such as lymphocytes and phagocytes, (immunomodulation) is believed to occur via alterations in chemotaxis, phagocytosis, oxidative burst, complement activation and cytokine secretion [117] [118] .
Histopathological changes have been performed, in confirmation to the obtained previous data including cytokines, antioxidants and other mediators. The infection by E. coli in rat hind paw has shown severe oedema, prominent capillary diltation and prevascular inflammatory cellular infiltration down to the deep dermis with ulceration and pyogenic membrane formation however the induction of inflammation in rat hind paw by carrageenin has shown signs of dense dermal acute inflammatory cellular infiltration that lead to oedema. Both infected and acute inflammatory animal models have revealed that skin section from erythromycin treated groups showing intact epidermis with prominant dermal fibrosis. Tenoxicam treated group in infected model showed decrease of inflammatory reaction signs while in acute inflammatory model tenoxicam or vitamin C treated groups showing apparently normal sections as control group with early inflammatory changes manifested as mild oedema with dilated, congested capillaries and normal covering epidermis. Chloramphenicol shows mild to moderate inflammatory cellular infiltration and oedema.
Concurrently some previous reports are mostly compatible with the present results of healing E. coli [80] .
The reduction in the inflammatory capacity of the colonizing organisms could enhance clinical improvement which suggessted new role for antibiotics as adjunctive therapy in atopic dermatitis and other diseases whose severity is increased by bacterial colonization of the affected areas [122] . The recognition that shed bacterial components efficiently activate pro-inflammatory signaling in epithelial cells may provide novel targets for anti-inflammatory therapy, e.g. the control of airway inflammation through modulation of inflammatory signaling may prove to be an effective mode of therapy to prevent lung injury [123] . In vitro experiments of the four macrolides (roxithromycin, clarithromycin, erythromycin, and azithromycin) distinctly had shown reducion in a concentration-dependent manner of generation of some mediators and cytokines involved in the inflammatory process such as NO, TNF-α, IL-1β by lipopolysaccharide-stimulated macrophages, independently of their antibacterial activity [124] .
So that effects of macrolides on neutrophil cell function and cytokine production and attenuation of biofilm formation may be responsible for the beneficial effects of macrolides in patients with DPB or CF, which are not related to their antimicrobial properties, since levels of macrolides with low-dose treatment are too low to have sufficient antimicrobial effects. This ability of biofilm attenuation, affects isolates that attach to either the natural airways of the patient or the synthetic material used for endotracheal/tracheostomy tubes, and occurs at subminimal inhibitory concentrations of the macrolides [89] [123] [125]- [129] . macrolide lead to improved quality and quantity of life for patients with CF and asthma [130] .
Also from the possible mechanisms which could explain modification of the host cell responses were accumulation of agents such as macrolides that accumulate intracellularly within lymphoid cells or those that interfere with protein or DNA synthesis [118] . In addition Yamasaki (1990) demonstrated a reduction in adherence of P. aeruginosa treated with erythromycin to acid-injured mice tracheal epithelium in vitro [131] .
It seems more likely that bacteria or bacterial components interact with surface epithelial cells to induce an inflammatory response [132] [133] . So that the potential benefits of downregulating immunomodulators entered the limelight, with the understanding that immune hyperactivation (in sepsis and inflammatory/ autoimmune diseases, for example) can also have disastrous consequences. Incidental observations that some non-infectious diseases, including inflammatory disorders, may be improved by antibacterials have bolstered interest in the immunomodulatory activity of this class of drugs [11] .
This pay attention to the growing evidence that certain antibiotics exert their beneficial effects not only by killing or inhibiting the growth of bacterial pathogens but also indirectly by immunomodulation due to immunomodulatory properties of antibiotics in different diseases [51] . Immunomodulatory therapies are defined as interventions that target the host rather than the pathogen, modulating the immune response with the aim of disease prevention or treatment [134] .
The immunomodulatory properties of various antibacterial agents were demonstrated in vitro and in vivo, such as fluoroquinolones and tetracyclines [135] - [138] .
Therfore the knowledge of the effects of antibiotics on the immune response, the synthesis and secretion of pro-inflammatory cytokines allows us to see the drugs known for years in a new light. This includes finding for them new applications beyond the infection treatment such as in organ transplantation, invasive cardiology and treatment of autoimmune diseases e.g rheumatoid arthritis or asthma. Yet, undoubtedly, this line of drug development needs further research [139] .
Immunomodulatory effect of macrolides has been documented in the treatment of rheumatoid arthritis (RA), still's disease in adults and inflammatory bowel diseases as well as in adjuvant arthritis [139] [140] . Therefore in the battle against rapidly emerging bacterial resistance we can no longer rely entirely on the discovery of new antibiotics; we must also pursue rational approaches to the use of older antibiotics [2] [8] [52] . Thus in vivo studying of antibiotics efficacy in curing resistant bacterial infections is very valuable as it take into consideration the interaction between these antimicrobial agents and immune system of the host.
Conclusion
Collectively, we concluded that erythromycin had significant healing efficacy for bacterial infected wounds in rat hind paw, despite of resistancy to it in vitro while chloramphenicol didn't have this effect. This curing activity could be explained through other possible mechanisms beyond their antibacterial activity, such as immunomodulatory, anti-inflammatory and anti-oxidant activities on rat hind paw inflammation, and investigated immunological mediators (IL-1β; TNF-α; NO, MDA, GSH) released in response to E. coli infection. Also efficacy of erythromycin increased with tenoxicam combination that leading to synergestic effects. Thus it was obvious that some antibiotics could possess interactions with the immune system irrespective of their antibacterial actions which could promote healing of resistant bacterial infections. Consequently this could breathe life in older antimicrobial agents.
